Introduction
The emergence and spread of resistance related to the irrational use of antibiotics is a major global public health problem. 1, 2 The rapid increase in drug-resistant Streptococcus pneumoniae infections is a particular concern in paediatrics because pneumococci are the leading cause of bacterial meningitis, pneumonia, bacteraemia and otitis media in children. 3 It is estimated that more than 50% of antibiotics worldwide are purchased privately without a prescription, from pharmacies or street vendors in the informal sector. 4 The situation in developing countries is of particular concern because the use of antibiotics without medical guidance is largely facilitated by inadequate regulation of the distribution and sale of prescription drugs. 5, 6 Self-medication has also been noted in the United States of America and Europe, particularly for colds and upper respiratory tract symptoms, which are self-limiting and mostly caused by viruses. 7, 8 Studies from American, Asian and European countries indicate that between 22% and 70% of parents have misconceptions about the appropriate applications and efficacy of antibiotics 9, 10 and often use them without a prescription. [11] [12] [13] Other determinants of self-medication with antibiotics in lowincome countries include over-the-counter sales of antibiotics, the high cost of medical consultations and dissatisfaction with medical practitioners. 14 Previous studies have suggested that increased antibiotic prescription might increase self-medication with antibiotics. 7, 8, 15 This may be of particular relevance in Mongolia, where injection usage is high (as in many other formerly Socialist countries), e.g. 13 injections per person per year, 16 and the prescription of antibiotics is widespread and often inappropriate. 17 Moreover, after the establishment of a market-based economy in 1990, the number of private pharmacies rose sharply in Mongolia. This has increased the use of medicines by the population. In July 2001, a ministerial decree announced measures to stop over-the-counter sales of non-prescribed drugs, but in practice this still happens. 18 Children are particularly prone to high rates of antibiotic use. 19 Many parents ask paediatricians for antibiotics for conditions such as viral upper respiratory tract infections, non-specific diarrhoea or sore throats. 20 A qualitative survey reported that parents in Mongolia used antibiotics such as chloramphenicol to treat child diarrhoea, 21 and another study noted that 32-35% of families practiced selfinjection at home. 22 To the best of our knowledge, however, no previous representative community-based studies in Mongolia have investigated the prevalence and determinants of caregivers' practice of using non-prescribed antibiotics to treat their children. Such studies are essential to obtain a clear understanding of the factors that underlie this practice and to develop measures to preventive antibiotic resistance and promote rational use. The aim of the present study was therefore to determine the prevalence of the administration of non-prescription antibiotics by caregivers to children younger than 5 years of age, and to identify factors associated with non-prescription use.
Une traduction en français de ce résumé figure à la fin de l'article. Al final del artículo se facilita una traducción al español.
‫املقالة.‬ ‫لهذه‬ ‫الكامل‬ ‫النص‬ ‫نهاية‬ ‫يف‬ ‫الخالصة‬ ‫لهذه‬ ‫العربية‬ ‫الرتجمة‬
Objective To estimate the prevalence and identify the determinants of non-prescription use of antibiotics for children in Mongolia. Methods A community-based cross-sectional survey was undertaken in 10 subdistricts in Ulaanbaatar, Mongolia's capital. We used a structured questionnaire to collect data from a random sample of 540 households with at least one child aged < 5 years. Logistic regression was used to identify factors associated with antibiotic misuse. Findings Of 503 participating caregivers, 71% were mothers; 42.3% (95% confidence interval, CI: 37.8-46.9) of caregivers had used non-prescribed antibiotics to treat symptoms in their child during the previous 6 months. Symptoms commonly treated were cough (84%), fever (66%), nasal discharge (65%) and sore throat (60%). Amoxicillin was the most commonly used antibiotic (58%). Pharmacies were the main source (86%) of non-prescribed antibiotics. Non-prescribed use by mothers was significantly associated with keeping antibiotics at home (odds ratio, OR: 1.7; 95% CI: 1.04-2.79), caregiver self-medication (OR: 6.3; 95% CI: 3.8-10.5) and older child's age (OR: 1.02; 95% CI: 1.01-1.04). Caregivers with a better knowledge of antibiotics were less likely to give children non-prescribed antibiotics (OR: 0.7; 95% CI: 0.6-0.8).
Conclusion The prevalence of non-prescribed antibiotic use for young children was high in Ulaanbaatar. Because such use leads to the spread of bacterial resistance to antibiotics and related health problems, our findings have important implications for public education and the enforcement of regulations regarding the sale of antibiotics in Mongolia.
Survey of non-prescribed use of antibiotics for children in an urban community in Mongolia 23 In a recent government survey, a non-response rate of 15% was assumed in the sampling design 24 and with this in mind, we adjusted the sample size by 30% to compensate for potential problems of non-response or incomplete survey reports.
To obtain a representative sample, two-stage cluster sampling was used to select 540 households. In stage one, 10 out of 132 subdistricts were selected by simple random sampling. In the second stage, we selected households from each sampled subdistrict by probability proportional to size, using a list of households that had children aged < 5 years. Because coverage under the National Expanded Programme on Immunization is approximately 97% in Mongolia, 25 we used the list of households from its records. For households with more than one child aged < 5 years, we selected one of the children at random from the list before visiting the household. We excluded households from the survey if parents or caregivers were not present at the time of the interview or if they refused to participate, if they were medical professionals, or if they did not understand what the word "antibiotics" meant.
Study tool
A structured questionnaire was developed with validated questions from previous studies. 10, 25, 26 The questionnaire consisted of sections on: (i) the socioeconomic and demographic characteristics of households; (ii) caregivers' knowledge and attitudes regarding antibiotic use to treat respiratory illnesses as well as about the usefulness of antibiotics for bacterial and viral infections; and (iii) the use of antibiotics for the index child in the previous 6 months. If mothers or caregivers reported that their child had taken antibiotics without a prescription, they were asked for further details concerning self-medication with antibiotics.
A multiple-choice question asked respondents to state their reasons for self-medication, describe the symptoms, identify the source, names and dosages of antibiotics, and state the duration of use. Symptoms were self-reported and based on codes in the International classification of primary care, 27 and antibiotics were defined as antibacterials for systemic use.
28 Parents and caregivers also reported whether they took antibiotics themselves without a prescription and whether they kept antibiotics at home.
The questionnaire was translated into the Mongolian language and backtranslated into English. It was pre-tested on a small pilot population and revised on the basis of feedback from the pilot test. The chief investigator provided training in the content of the questionnaire and the purpose of the study to a team of experienced interviewers. Interviewers visited households and explained the purpose of the study to parents or caregivers and asked them to participate.
Statistical analysis
We used logistic regression to identify factors associated with the non-prescription use of antibiotics for children. Sample weights were used to minimize bias in the selection of a given child in a household. We included in the model only responses for households in which the main caregiver was the mother, as mothers clearly accounted for the largest proportion of persons responsible for dealing with children's illnesses. The dependent variable was whether a child had received non-prescribed antibiotics in the previous 6 months. Explanatory variables used in the analysis were sociodemographic variables, distance to a family practice facility, availability of antibiotics at home, mother's knowledge regarding upper respiratory tract infections and antibiotic use, tendency to demand antibiotics, and mother's own self-medication with antibiotics.
To measure the mother's knowledge, we recorded an antibiotics knowledge score as the number of correct responses to 10 questions which assessed her knowledge of appropriate antibiotic use. Mothers were considered to have a tendency to demand antibiotics if they responded affirmatively to two of the three questions about their expectations for antibiotics use. Sociodemographic variables included the mothers' education (years of school attendance ≤ 10 versus ≥ 11), mother's and child's age, and the wealth index score of households. The wealth index score 29 was recorded as a measure of household wealth status. We used principal components analysis to assign indicator weights according to the procedure used in the Demographic and Health Surveys. 30 For the statistical analysis we used SPSS version 16.0 (SSPS Inc., Chicago, USA). Statistical significance was set at P < 0.05.
Ethical approval for the study was obtained from the University of Tokyo and the Health Science University of Mongolia. Informed consent was obtained from individual respondents before each interview.
Results
In the 540 households visited, 24 parents or caregivers were unavailable at the time of the home visit, 3 parents were medical professionals and were not interviewed, and the results from 10 households were excluded because of incomplete information. The overall response rate was 93% (503/540). Table 1 presents the sociodemographic characteristics of the participants, 71% of whom were mothers. The mean age of the participants was 35.4 years (standard deviation, SD: ± 11.9), and 53.7% reported having an undergraduate university education or higher. The average number of household members was 4.3 (SD: ± 1.1), and 39% of households had 5 or more family members. Most participants belonged to the Khalkh ethnic group and 73.6% were Buddhists.
Sociodemographic characteristics of respondents

Non-prescription use of antibiotics
Antibiotics had been given to 71% (356/503) of the children during the 6-month period before the study. About one-fifth (21%) of the 503 children had taken antibiotics without a prescription, and both prescribed and non-prescribed antibiotics were used concomitantly in 21%. In all, 42.3% (95% confidence interval, CI: 37.8-46.9) of the children were given non-prescribed antibiotics. Responses to a multiple-choice ques-
Research tion showed that fewer than half of the respondents (210/503) had given antibiotics to the index child without a prescription for symptoms of upper respiratory tract infection such as cough (84%), fever (66%) or nasal (65%) and throat symptoms (60%). The main source of non-prescribed antibiotics was pharmacies (86%). Amoxicillin was the most commonly used non-prescribed antibiotic (58%), followed by ampicillin (25%), erythromycin (6%), chloramphenicol (5%) and trimethoprim-sulfamethoxazole (5%). Most children took non-prescribed antibiotics for a period of 3 to 5 days (76%). Additionally, 8% of the children were treated with two nonprescribed antibiotics simultaneously, and 5% were given parenteral antibiotics if they had a sore throat with fever and cough or shortness of breath. Of the non-prescribed antibiotics, 31% were given on the advice of pharmacists, 35% on the advice of family members and 8% on the advice of friends. Reasons for not seeking a physician's advice included the belief that the illness was not severe (70%) and previous experience with the doctor always prescribing the same antibiotics for similar conditions (15%). Past experiences and familiarity with a drug were the main reasons for selecting a particular antibiotic (82%). Table 2 shows participants' knowledge of the appropriate use of antibiotics based on response alternatives from the Centers for Disease Control and Prevention (Atlanta, United States) as adapted by Huang et al. 10 The median number of questions that were correctly answered was four (range: 0-10). Many respondents gave incorrect answers about antibiotic use for colds or flu (83%), a cough (81%), sore throat (74%) or purulent nasal discharge (64%). There was also a lack of understanding of antibiotic use for clear nasal discharge (runny nose) and middle ear fluid: about half the respondents answered incorrectly. Most participants (96%) incorrectly believed that most colds and cases of flu were caused by bacteria, and 76% incorrectly believed that antibiotics would accelerate recovery from these illnesses. A tendency to demand antibiotics was noted in 27% of participants.
Knowledge about antibiotic use
Multivariate logistic regression
The odds ratios (ORs) for factors associated with the non-prescription use of antibiotics by the mother are shown in Table 3 . Non-prescription use was positively associated with keeping antibiotics at home (95% CI: 1.04-2.79) and selfmedication with antibiotics (95% CI: 3.8-10.5). Mothers with a higher score for knowledge of antibiotics were less likely to give their children antibiotics without a prescription (95% CI: 0.6-0.8), whereas respondents answering affirmatively to two or more items that investigated antibiotic demand were more likely to use non-prescribed antibiotics (95% CI: 1.4-4.0). The likelihood of treating a child with non-prescribed antibiotics increased with children's age (95% CI; 1.01-1.04).
Discussion
This study is the first community-based survey of non-prescription use of antibiotics in Mongolia. In both developed and developing countries, self-medication with antibiotics is common for illnesses presumed to be caused by a virus. 11, 13, 31, 32 Although this practice is well known, few previous studies have used research methods that allow their findings to be compared with those from earlier studies. However, the methods used in the present study make it possible to document that the prevalence of non-prescription use of antibiotics for children in Ulaanbaatar, Mongolia is higher (42%) than in earlier reports from rural communities in Viet Nam (12%) based on a 2-week recall period, 13 and from a Chinese city (35.7%) where the recall period was 12 months. 11 Acute respiratory infection was the condition associated most frequently with non-prescription antibiotic use, a result which substantiates findings from other Asian countries. 11, 13 Our results are also consistent with findings in China, where low-severity illness was a major reason for giving children antibiotics.
11
Most of our respondents used antibiotics because they considered themselves to be knowledgeable about antibiotic use, based on their past experience. This reason runs counter to findings from other developing countries, where relatively lower costs have been given as the main reason for self-medication. 33, 34 The difference in motives may be related to good health in- Although the non-prescription sale of antibiotics is illegal in Mongolia, 18 our results replicate findings from other studies in settings where pharmacies were the main source of antibiotics for selfmedication. 11, 32, 37 In contrast, countries where over-the-counter antibiotics sales are strictly regulated have much lower prevalence rates of self-medication with antibiotics, ranging from 1% to 4%. 31 The widespread availability of antibiotics without a prescription has given rise to concerns about their increased usage. 38 The uncontrolled use of antibiotics can be harmful because of adverse drug reactions, masking of symptoms of infection, the development of chronic disease and superinfection. It is also associated with the emergence and spread of antimicrobial resistance. 39 These problems require appropriate measures by policy-makers to develop pertinent policies as well as to ensure their implementation.
Keeping antibiotics at home was another important factor linked to the non-prescription use of antibiotics for children. 40 Leftover antibiotics may be available because of over-prescription or patient non-compliance with a course of treatment. It is therefore essential for physicians to appropriately prescribe the correct dosage, properly instruct patients to complete antibiotic courses, and encourage them to discard any leftover drugs. 7 We found that 49.7% (250/503) of the children in households that participated in this study used prescribed antibiotics, and 50.2% (107/213) of the children who were given antibiotics by their caregiver used both prescribed and non-prescribed antibiotics. This practice can be traced back to Soviet-influenced health care practices, which included the prescription of heavy medication and injection usage. 41 Effective strategies to reduce the use of antibiotics include the development of policies to support the judicious use of antibiotics, strengthen the control of antibiotics consumption in clinical practice, and implement educational campaigns for prescribers. 42, 43 In line with another study, 11 we found that higher age of the index child was linked to a greater likelihood of Research parental non-prescription use. When younger children become ill, parents may be more careful and concerned and more likely to visit a doctor, whereas when the children are older, parents may have more knowledge about common illnesses and be more inclined to administer medical treatments themselves.
In countries that restrict over-thecounter antibiotics sales, studies of antibiotic use and parental knowledge have shown that patient's expectations about antibiotics influence their prescribing behaviour. 3, 9, 10, 44 These findings mirror those in our study: parents' past experience, expectations and knowledge level appeared to influence non-prescription medication practices. In particular, caregivers who had medicated themselves with antibiotics were more likely to give antibiotics to their children without a prescription.
Caregivers also had misconceptions about self-medication. Most respondents in our study believed that antibiotics were needed for colds or flu, purulent nasal discharge and cough, even though these are typical manifestations of upper tract respiratory infections, most of which are caused by viruses. Past exposure was also an influence: if antibiotics were previously prescribed for an infection and the child later developed similar symptoms, than a caregiver was more likely to use antibiotics. 44 Educational interventions for caregivers regarding acute respiratory tract infections and antibiotic use can reduce the inappropriate use of antibiotics. Previous interventions have included the distribution of educational materials to hospitals and pharmacies, and the communication of information through the media. 9, 42, 45 The use of non-prescribed medications for children might be a consequence of poor oversight of community pharmacies, and the widespread availability of medicines has probably contributed to an increase in this phenomenon. Interventions in other developing countries that have reduced over-the-counter antibiotic sales suggest, however, that this situation can be changed. In Chile, the prohibition of over-the-counter sales of antibiotics and a simultaneous public education campaign had an immediate and significant impact on the acquisition of antibiotics from pharmacies. 1 Similarly, sales of antibiotics without prescription in Zimbabwe decreased when the law against over-the-counter sales was strictly enforced. Fear of losing their license was a factor mentioned by some pharmacists for their compliance. 46 This study has several limitations. Caregivers' self-reports about nonprescription use may be subject to recall bias. To minimize this possibility we limited the recall period to the previous 6 months, and attached a list of the most commonly used antibiotics to the questionnaires. We also asked participants to show us the antibiotics they kept at home. Another limitation is that findings from this urban sample cannot be generalized to the whole population of Mongolia. This would overestimate the prevalence of non-prescription antibiotic use since this study was done in the capital city, where access to pharmacies and information are higher than in rural settings. To better study this issue, future research should focus on both urban and rural areas, and should involve both prescribers and pharmacists. Additionally, seasonal variations in illnesses should also be taken into consideration, because they may have affected disease patterns and antibiotic use. As shown in a multi-country study in Europe, the attitudes and behaviour of health personnel may also reinforce selfmedication with antibiotics, 14 although these factors were not examined in the current study. In the future, questions relating to the prescription of antibiotics, the doctor-patient relationship, patient satisfaction and perceived accessibility of health care should be included in survey instruments. The information obtained with these items will result in a better understanding of the determinants of non-prescription antibiotic use in Mongolia. Despite these limitations, our findings shed light on the relative importance of demand-side determinants related with non-prescription antibiotic use for children and the interventions needed to prevent this misuse.
Conclusion
The present study suggests that caregivers in Ulaanbaatar commonly use non-prescribed antibiotics for children younger than 5 years of age. Some determinants of this practice were the child's age, caregivers' misconceptions about the efficacy of antibiotics for upper respiratory tract infections, caregivers' own experience with self-medication, and the availability of antibiotics at home. Interventions aimed at preventing the unsanctioned use of antibiotics should be directed primarily at reducing the availability of nonprescribed antibiotics and educating the general public to dispel misconceptions about the use of antibiotics. ■ Funding: This study was supported in part by the Asian Development Bank and a grant from the Ministry of Health, Labour and Welfare of Japan (no. 2010-Global Issues-002).
Competing interests: None declared. 
‫ملخص‬ ‫منغوليا‬ ‫يف‬ ‫حرضي‬ ‫مجتمع‬ ‫يف‬ ‫طبية‬ ‫وصفات‬ ‫بدون‬ ‫األطفال‬ ‫أدوية‬ ‫استخدام‬ ‫عن‬ ‫مسح‬
Resumen
Estudio sobre el uso de antibióticos de venta sin receta en los niños en una comunidad urbana de Mongolia
Objetivo Calcular la prevalencia e identificar los factores determinantes para la prescripción de antibióticos de venta sin receta para niños en Mongolia.
Métodos Se realizó un estudio transversal de la comunidad en 10 subdistritos de Ulaanbaatar, la capital de Mongolia. Un cuestionario estructurado nos permitió recopilar los datos de una muestra aleatoria de 540 hogares, con al menos un niño menor de 5 años. Para identificar los factores asociados a la mala utilización de los antibióticos se empleó la regresión logística.
Resultados De los 503 cuidadores participantes, el 71% eran madres; el 42,3% (intervalo de confianza del 95%, IC: 37,8-46,9) de los cuidadores había utilizado antibióticos sin receta en los últimos 6 meses para tratar los síntomas de sus hijos. Los síntomas tratados más habituales fueron: tos (84%), fiebre (66%), mucosidad nasal (65%) y dolor de garganta (60%). El antibiótico más utilizado (58%) fue la amoxicilina. Los antibióticos de venta sin receta se obtuvieron principalmente (86%) en las farmacias. El uso de fármacos de venta sin receta por parte de las madres se asoció de manera significativa a la permanencia de los antibióticos en el hogar (oportunidad relativa, OR: 1,7; CI del 95%: 1,04-2,79), la automedicación de los cuidadores (OR: 6,3; CI del 95%: 3,8-10,5) y a la edad del hijo mayor (OR: 1,02; CI del 95%: 1,01-1,04). Los cuidadores que poseían conocimientos más amplios sobre los antibióticos fueron menos proclives a administrar antibióticos sin receta a los niños (OR: 0,7; CI del 95%: 0,6-0,8).
Conclusión La prevalencia del uso de antibióticos sin prescripción médica en los niños más pequeños fue elevada en Ulaanbaatar. Puesto que dicho uso conlleva un aumento de la resistencia bacteriana a los antibióticos y problemas relacionados con la salud, nuestros resultados tienen implicaciones importantes para la educación pública y para la aplicación de las normativas sobre la venta de antibióticos en Mongolia.
